I summarized data on eastern red bats (Lasiurus borealis), hoary bats (Lasiurus cinereus), and silver-haired bats (Lasionycteris noctivagans) that were obtained by mistnetting in the Lower Peninsula of Michigan over a 32-year span ) to test published predictions, partly or wholly based on museum specimens, that adult sex ratios in summer are female-biased. Males were more common in the netting sample than females among silver-haired bats (88%; n 5 57) and eastern red bats (70%; n 5 458), whereas male and female hoary bats (n 5 40) were equally abundant. Silver-haired bats and male hoary bats were more common north of a line separating the Deciduous Forest Biome and a transition to the Coniferous Forest Biome. The presence of male-dominated populations of all species at low-elevation sites in northern Lower Michigan suggested that distribution of the sexes in each species is more complex than previously thought. The sex ratio of adult eastern red bats was more skewed in July (74% male) than in June (58%), which might indicate late northward migration by males.
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Among temperate bats, species that spend both summer and winter in trees rather than buildings or underground sites often are referred to as tree bats (Cryan and Veilleux 2007) . Three species of tree bat occur in the northeastern United States and eastern Canada-the eastern red bat (Lasiurus borealis), hoary bat (Lasiurus cinereus), and silver-haired bat (Lasionycteris noctivagans). These colorful bats differ from most North American species because they often migrate more than 1,000 km northward each spring (Cryan 2003; Cryan et al. 2004 ) and return south in autumn to hibernate in exposed sites such as tree hollows and leaf litter (Cryan and Veilleux 2007) . In addition, hoary and eastern red bats are capable of producing larger litters than most bats and raise their young within foliage rather than within a tree hollow, building, or cave (Carter and Menzel 2007) . These 3 species also are a cause for conservation concern because they are the North American bats that most commonly are killed at wind-power developments (Arnett et al. 2008; Kunz et al. 2007 ). Windpower facilities are proliferating rapidly throughout the continent, and evidence exists of a long-term decline in the population of eastern red bats (Carter et al. 2003; Whitaker et al. 2002; .
Despite the unusual qualities of tree bats and the need for data, little natural history information is available for these wide-ranging species, especially in northern parts of eastern North America. For example, only 6 records of the hoary bat exist for the state of New Hampshire (Veilleux et al. 2008 ). Some of this perceived rarity likely is due to a paucity of fieldwork with bats, but a solitary lifestyle, avoidance of buildings and caves, late-night foraging, and foraging in open areas or high above the ground (Caire et al. 1988; Carter and Menzel 2007; Cryan and Veilleux 2007; Kunz 1973; Menzel et al. 2005 ) are qualities of some or all the species that presumably make them less easily captured than building-and cave-dwelling colonial species. Consequently, biologists in many areas have difficulty amassing data on geographic or reproductive patterns of these long-distance migrants with only a few seasons of fieldwork. I used data obtained over 32 years to summarize reproductive timing and sex ratios of tree bats within a broad, yet naturally delineated geographic area, the Lower Peninsula of Michigan. Lower Michigan is a mitten-shaped landmass (approximately 41.7-45.8uN, 82.4-86.5uW ) bordered by Lake Michigan to the west and northwest; lakes Huron, St. Clair, and Erie to the northeast and east; and the states of Ohio and Indiana to the south. The peninsula is covered by lake plains, moraines, and other glacial features and characterized by low relief. Maximum elevation is 525 m above sea level, and the difference in elevation between the highest and lowest points is only ,175 m (Albert et al. 1986) .
Two major physiographic regions comprise Lower Michigan, and they meet along an irregular boundary that trends northeasterly from Lake Michigan, near Muskegon (43.2342uN, 86.2484uW) , to Lake Huron, near Standish (43.9831uN, 83.9589uW-Albert et al. 1986; Brewer et al. 1991; Kurta et al. 1989) . The northern part of the peninsula is characterized by a cooler climate, slightly higher elevation, and drier, sandier, and more acidic soils than in the south. Overall, the north is more forested, whereas the south contains more agricultural and urban areas. Deciduous trees dominate southern forests, and conifers are relatively more common north of the boundary. Many species of plants and animals change markedly in abundance along this boundary, which marks the northern end of the Deciduous Forest Biome and the beginning of a transition to the Coniferous Forest Biome (Baker 1983; Barnes and Wagner 2004; Brewer et al. 1991; Harding 1997; Kurta 1995; Kurta et al. 1989) .
Sex ratios among adult tree bats are frequently skewed, either on a continental or a local basis, and examination of published data suggests a preponderance of females in Lower Michigan during summer. Ford et al. (2002) studied specimens in museums from much of the range of the eastern red bat, and examination of their data from Calhoun County, Michigan, suggested a female-biased sex ratio (43% male) for this species. Cryan (2003) used museum specimens to propose that hoary bats were segregated in summer on a continental basis, with males occurring principally in the mountainous West and females farther east. Finally, Whitaker et al. (2007;  see also Whitaker and Hamilton 1998) used museum specimens and netting data to conclude that female silver-haired bats migrated during spring northward through Indiana into Michigan, but males remained south of Indiana.
The purpose of this study is to summarize reproductive timing of tree bats in Lower Michigan, examine relative abundance of species and sexes between biomes, and test published predictions suggesting that adult sex ratios are female-biased in summer. I used mistnetting data gathered from 1978 to 2009 by my students and me, using standardized techniques, at more than 400 sites in the Lower Peninsula. The long-term nature of this study, sampling at many locations, and consistent collecting methods should minimize the effect of variation among years or sites and provide an accurate representation of the distribution of the species and sexes in this naturally distinct geographic region.
MATERIALS AND METHODS
Mistnetting occurred on approximately 1,400 net nights, between May and September 1978-2009 , in 46 of 69 counties in the Lower Peninsula of Michigan. The 23 counties that were not sampled were located either in the extreme northern tip of Lower Michigan or on the eastern end of the peninsula, in Michigan's Thumb District. Almost all netting was associated with searches for the Indiana bat (Myotis sodalis), an endangered species (United States Fish and Wildlife Service 2007) . Indiana bats roost and forage primarily in deciduous woods (Gardner et al. 1991; Kurta 2005; Sparks et al. 2005) , and consequently, netting sites were mostly in forested areas dominated by mature deciduous trees. Nets were typically 9 m high and 6-18 m wide and placed across potential commuting and foraging corridors such as streams, roads, pipeline rightsof-way, and woodland edges. Netting usually occurred for either 4 or 5 h after sunset .
For each female pregnancy was established by palpation, and lactation was determined by expression of milk from the nipples. Age (adult or juvenile) of each bat was assessed by degree of phalangeal ossification (Anthony 1988; Racey 1988) . Tree bats were punch-marked (Bonaccorso and Smythe 1972) before release, and repeat captures were not included in any analysis. Punch marks were ephemeral and useful only in determining whether a bat had been captured previously within the last few weeks; therefore an individual bat could have been netted in more than 1 year. However, recaptures of banded tree bats are rare (approximately 0.2% -Ellison 2008) , and I assumed that bats without punch marks were caught for the 1st time.
I determined the adult sex ratio of summer residents using only individuals that were captured in June or July to minimize inclusion of migrating individuals. Mistnetting during these months occurred on 1,051 net nights over 32 years. To estimate sex ratio at birth I determined the sex ratio of volant young-of-the-year that were captured in mist nets. No juveniles were netted during June, so only immature individuals caught in July were included in these analyses.
I assessed whether overall sex ratios of adults and juveniles for each species varied from 1:1 using chi-square goodness-offit tests. Similarly, I examined whether observed sex ratios differed between geographic areas or periods of time within species using chi-square tests of independence. However, if the expected value was below 5 in more than 20% of the cells, I calculated Fisher's exact probability instead (Dixon and Massey 1983) . Alpha was set at 0.05, and all tests were 2-tailed. All statistics were calculated using VassarStats (http:// faculty.vassar.edu/lowry/VassarStats.html). Methods were approved by the Animal Care and Use Committee of Eastern Michigan University and followed guidelines of the American Society of Mammalogists (Gannon et al. 2007 ).
RESULTS
Reproductive timing.-Palpably pregnant eastern red bats were captured between 29 May and 28 June, and lactating eastern red bats were netted between 15 June and 4 August. A single volant juvenile red bat was caught on 2 July, but all others were obtained on 7 July or later. No palpably pregnant hoary bats were taken, presumably due to the rarity of the species and limited netting on the cool nights that typify May and early June. Lactating hoary bats, however, were captured between 16 June and 31 July, with the 1st flying juvenile caught on 7 July. Only 1 pregnant and 3 lactating female silver-haired bats were captured. The pregnant individual gave birth in captivity to 2 apparently full-term offspring on 20 June (Kurta and Stewart 1991) , and the lactating females were caught on 12 July (1 bat) and 15 July (2 bats). The earliest date that a volant juvenile silver-haired bat was netted in Lower Michigan was 6 July.
Sex ratios of resident bats in June and July.-The population of eastern red bats in Lower Michigan during June and July was male-biased (Table 1) ; 70% of 458 adults were male (x 1 2 5 75.54, P , 0.0001). For hoary bats 52% of 40 adult animals were male, but observed captures did not differ from the expected ratio of 1:1 (x 1 2 5 0.10, P 5 0.75). Eighty-eight percent of 57 adult silver-haired bats were male (x 1 2 5 32.44, P , 0.0001).
Was the sex ratio of adults constant during the summer maternity period? In eastern red bats the sex ratio was 80:52 (61% male) in June and 242:84 (74% male) in July (Fig. 1) ; these proportions were significantly different (x 1 2 5 8.36, P 5 0.004). However, the ratio of males to females for the same months did not differ statistically among hoary bats (10:8 versus 11:11; x 1 2 5 0.12, P 5 0.73) or silver-haired bats (28:1 versus 22:6; Fisher's exact P 5 0.052).
Eighty-six volant juvenile eastern red bats and 39 juvenile hoary bats were netted in July between 1978 and 2009. The sex ratio did not differ from 1:1 for either eastern red (53% male; x 1 2 5 0.29, P 5 0.59) or hoary bats (56% male; x 1 2 5 0.24, P 5 0.62). The sample of juvenile silver-haired bats was considerably smaller-7 males and 9 females-but also suggested that the sex ratio at birth was 1:1 in Lower Michigan (x 1 2 5 0.25, P 5 0.62). Geographic patterns.-The netting effort was not equal between regions during June and July, with 380 net nights in the north and 671 net nights in the south. Therefore, I used these numbers as the basis for chi-square expected values. Adult eastern red bats (x 1 2 5 0.25, P 5 0.63) and hoary bats (x 1 2 5 2.30, P 5 0.13) were equally abundant in the north and south (Table 1) . However, silver-haired bats were not evenly distributed between regions. Forty-eight (84%) of the 57 silver-haired bats were netted in the north despite only 36% of the netting occurring in that region (x 1 2 5 67.61, P , 0.0001). Did the sex ratio of adults differ in the north compared with the south (Table 1) ? In eastern red bats (x 1 2 5 0.71, P 5 0.40) and silver-haired bats (Fisher's exact P 5 0.07) I found no significant difference between regions. Although the sample of adult hoary bats was small, it suggested that males formed a larger proportion of the population in the north (79%) than in the south (29%; x 1 2 5 10.15, P 5 0.0006).
DISCUSSION
Eastern red and hoary bats migrate southward from Michigan by November or December and do not begin returning until April. Most silver-haired bats also leave for winter, although a few individuals have been found hibernating inside buildings (Kurta 2008) . Examination of mistnetting data from 1978 to 2009 indicates that adult males and females of each of these species of tree bat are resident in Lower Michigan during June and July, births occur in all species, and reproductive timing is similar among species. Females presumably arrive while pregnant and begin giving birth in mid-June, as evidenced by the appearance of lactating individuals. Some bats are still lactating at the end of July and during the 1st few days of August. Juveniles usually begin flying late in the 1st week of July.
The timing of reproductive events appears slightly later in Michigan than in warmer, more southern regions and also later than recorded for building-dwelling species in Lower Michigan. Feldhamer et al. (2001) reported that births occur in eastern red bats as early as 5 June in southern Illinois, and Mumford (1973) and Whitaker and Mumford (2009) concluded that most parturition is completed by mid-June in Indiana. In southern Michigan, big brown bats (Eptesicus fuscus) and little brown bats (Myotis lucifugus), which form maternity colonies in buildings, reproduce a week or more earlier than tree bats from the same region, with births beginning by 3-6 June and volant young appearing as early as 23-28 June (Kurta 1980; A. Kurta, pers. obs.) . Later births and 1st flight by juveniles probably reflect the thermal instability of maternity sites in trees, especially foliage (Willis and Brigham 2005) , and this later reproduction may lead to reduced juvenile survivorship in tree bats compared with bats that roost in (28) 207 (69) 93 (31) 322 (70) 136 (30) Hoary bat 15 (79) 4 (21) 6 (29) 15 (71) 21 (52) 19 (48) Silver-haired bat 44 (92) 4 (8) 6 (67) 3 (33) 50 (88) 7 (12) FIG . buildings (Frick et al. 2009 ), although migration to warmer climates might mitigate this effect.
Different bat-collecting techniques can lead to differences in the number of male and female bats that are obtained. Summer surveys for little brown bats generally yield a greater number of females, and winter sampling yields a preponderance of males (Keen and Hitchcock 1980) . Similarly, a collection of big brown bats obtained by mistnetting often is female biased, but individuals submitted for rabies testing from the same area are predominantly male (Kurta and Matson 1980) . Recent publications based wholly or partly on museum specimens suggest that the sex ratio of eastern red bats (Ford et al. 2002) , hoary bats (Cryan 2003) , and silver-haired bats (Whitaker and Mumford 2009; Whitaker et al. 2007 ) should be female-biased in Lower Michigan. However, examination of mistnetting data gathered over 32 years indicates otherwise (Table 1 ). The adult sex ratios of eastern red bats and silverhaired bats are actually biased toward males (70% and 88%, respectively), whereas male and female hoary bats are equally abundant.
Although eastern red bats have declined in numbers in southern Lower Michigan since 1978 , the decrease does not appear sexually biased and, thus, the cause of the observed sex ratio. Males composed 68% of the population in 1978 -1979 (Kurta 1980 , when netting began, compared with 70% in the 32-year sample. The skewed sex ratio in adult tree bats among my netting captures apparently is not caused by an uneven sex ratio at birth because juvenile males and females are equally abundant in the netting sample. Similarly, it is not the result of gross differences in behavior of males and females. In eastern red bats, which are the beststudied species of North American tree bat, males and females eat similar foods, forage in the same habitats, have similarsized home ranges, and fly at the same heights and at the same times of night (Caire et al. 1988; Clare et al. 2009; Elmore et al. 2005; Welch 2003) . Furthermore, females dominate netting captures in other regions of the continent (e.g., 82% female eastern red bats in Mississippi-Miller 2003) , which argues against a consistent bias resulting from a sex-specific behavior that favors capture of males.
The reason for the difference between some museum collections (Ford et al. 2002) and mistnetting is not clear but might be related at least in part to how the specimens are obtained. Specimens that are actively collected by mammalogists in summer through trapping or netting might be more likely to reflect the true sex ratio in the local population. However, other collections could contain mostly bats that were obtained after accidental encounters with biologists or members of the general public. Female tree bats weighed down by attached young, in particular, may be more prone to capture in this way than unburdened males, and numerous examples of mother-offspring groups being captured are evident in electronic databases, such as the Mammal Networked Information System (http://manisnet.org/), and in the literature, especially for eastern red bats (Kurta 1980; Whitaker and Mumford 2009 ) and hoary bats (Whitaker and Hamilton 1998) . Whatever the cause of differing sex ratios between mistnetting samples and museum specimens during June and July, caution should be exercised when interpreting regional or continental sex ratios of adults in summer based solely on collections in museums.
Although the adult sex ratio for hoary and silver-haired bats did not differ between June and July, the proportion of male eastern red bats in July was greater than in June. Although male bats may become more active during the mating season, thus exposing themselves to a greater likelihood of capture (Strelkov 1969) , copulation in these species does not occur before August (Druecker 1972; Whitaker and Hamilton 1998) , so mating activity is not a likely cause of the increased proportion of males in July. Kunz (1971) and Walters et al. (2006) thought that eastern red bats begin migrating southward by late July. However, early southward migration by either sex does not seem responsible for the change in sex ratio between June and July because the proportion of males is elevated throughout July and not just at the end. Britzke et al. (2009) recently explored migratory patterns in eastern red bats by examining levels of stable isotopes of hydrogen in hair. Such isotopic concentrations can be used to determine the geographic location where a hair was grown, and because molting in bats probably occurs between late June and early August, biologists can infer where a bat spends the summer. Britzke et al. (2009) noted anomalous values for male eastern red bats captured during June in Kentucky, suggesting that these individuals actually summered farther north. This discovery led Britzke et al. (2009) to speculate that male eastern red bats migrate to their summer range much later than females, which could explain the apparent influx of males during July in Lower Michigan.
Based on roosting habitat, I would have expected tree bats to be more common in northern Lower Michigan, which is more heavily forested than the south. However, eastern red bats and hoary bats seem ubiquitous in the Lower Peninsula and are caught equally often in northern and southern regions. Silver-haired bats, in contrast, are much more abundant in the north, with a disproportionate number of captures occurring in that region. In contrast to eastern red and hoary bats, silverhaired bats fly slowly, are more maneuverable, and frequently forage within and above or adjacent to woodlands (Barclay 1985) . Perhaps the greater abundance of both roosting and foraging habitat is responsible for the greater number of silverhaired bats in the northern part of the peninsula. Silver-haired bats also may prefer to roost in conifers, which are much more abundant in the north, although other factors, such as climate, might be important.
Throughout the Lower Peninsula males dominate mistnetting captures among adult eastern red and silver-haired bats, but to the south in neighboring Indiana, females are more common than males in these species (Whitaker and Mumford 2009; Whitaker et al. 2007) . Although the overall sex ratio for hoary bats is 1:1 in Lower Michigan, male hoary bats are more common in the northern part of the peninsula. Thus for all 3 species, males dominate northern populations in the central Great Lakes basin.
Superficially, the presence of mostly males in cooler (higher) latitudes during the reproductive season is similar to altitudinal separation of the sexes that occurs in many cave bats; that is, in mountainous areas, males are typically more abundant than females Cryan et al. 2000; Ibáñez et al. 2009 ). This altitudinal distribution is often attributed to a greater need by females for warmer (lowerelevation) environments, which allow homeothermy at a smaller energetic cost and leave more energy for fetal growth and milk production. Males, in contrast, may tolerate or even benefit from increased bouts of torpor at cooler (higher) elevations. Ford et al. (2002) recently used similar arguments to explain regional (latitudinal and altitudinal) variation in the sex ratio of eastern red bats, but the thermal hypothesis might not explain distribution of the sexes for the other 2 species.
The thermal hypothesis does not account for femaledominated populations of silver-haired and hoary bats at northern locations in Manitoba and Saskatchewan, Canada, and New York (Barclay 1984; Whitaker and Hamilton 1998 ; R. M. R. Barclay, University of Calgary, pers. comm.; C. K. R. Willis, University of Winnipeg, pers. comm.). Furthermore, southern Michigan is at the northern edge of the geographic range of a 4th species of tree bat, the evening bat (Nycticeius humeralis), and in this species only females migrate northward into the state for summer Münzer 2008) . Similarly, in European tree bats (Nyctalus leisleri and N. noctula) only females undertake long-distance migrations to northern maternity sites (Ibáñez et al. 2009 ). Various authors (Cryan 2003; Fleming and Eby 2003; Ibáñez et al. 2009 ) have speculated that long-distance migrations of females are in response to the high densities of insects in northern areas in summer, which may offset the increased energetic demands of reproduction and the cost of summering in cooler latitudes.
Most female hoary and silver-haired bats may migrate even farther north than Lower Michigan, past Lake Superior into central Ontario. If so, a resource-based explanation of sexual segregation could be appropriate for these species. Males also might congregate in Michigan in summer to position themselves to intercept and mate with females as they migrate southward, following the coastlines of the Great Lakes (Cryan 2008; P. Cryan, United States Geological Survey, pers. comm.) . However, further speculation must await data from Ontario that establishes the sex ratio in populations at the northern edge of the continental range of each species. Nevertheless, the presence of male-dominated populations of hoary, eastern red, and silver-haired bats at low-elevation sites in northern Lower Michigan suggests that distribution of the sexes in these species is more complex than previously thought.
